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(57) ABSTRACT

In a method for casting prefabricated products 1n a continu-
ous casting device, having a casting mold and a strand guide
downstream of the casting mold, wherein the strand guide
has rolls positioned opposite one another 1n pairs for sup-
porting and guiding the solidifying cast strand, wherein
some rolls are drive rolls and others are idle rolls, wherein
drives are provided for the drive rolls, and wherein the drive
rolls are adjustable against the cast strand in order to
transmit guiding forces and strand conveying forces onto the
cast strand 1n interaction with the idle rolls, the drive rolls
and the drives are controlled to a preset rotational speed such
that the drive rolls have circumierential speeds 1dentical to
one another within the limits of a preset casting speed. The
motor torques of the drives are maintained at a level as equal

as possible below a permissible torque limit value relative to
a loadability of the strand shell.

3 Claims, 5 Drawing Sheets

Preset Values for

2 Rotational Speed and
Torgue for Each Strang
Dri ve

2] 25

ok W
--_“-—-
-
-

-
- AN
--_---'IF'

.
---'

Torque (Nominal/

Actual}Rotational
33 opeed (Nominal/

Aciuul)}
Segment o Vv
Adjustment Converter
Torque
(Nominal)

Rotational Speed
(Nominal)



US 6,609,556 B2

Sheet 1 of 5

Aug. 26, 2003

U.S. Patent

8l

0L

( (@O @O0 0QOOROOC

o]o]e] Je]0]0 00 0] ]0]0]0]0]0]e

£l (bl (El

(LEV HOl4d)

A

£l

6

L0000 O
>4 ’ ’ ® ’4’ °4‘q°ﬂ°._ .__.aq

tl

r »




U.S. Patent Aug. 26, 2003 Sheet 2 of 5 US 6,609,556 B2

FIG.3
(PRIOR ART)

L_,
1 BE
%

2 .

o~

- — &

—

-l_“/////;!\:.\\\euf//(// . 9
_ — /// WSS SN RSSSSY g

)

// u\\\\\\\\\\ 'I/‘ e S L L L L L LN N

e W \\\\‘\\‘6\ / ;

N ™M OO
T ™ =




US 6,609,556 B2

Sheet 3 of 5

Aug. 26, 2003

U.S. Patent

(L YV HOIYd)

3 914

el

) OO 0OC
O OO0 0OgZ
GL gl

o

191 1 -_h

_— —— _ CILL
Lk - (Ll -



US 6,609,556 B2

Sheet 4 of 5

Aug. 26, 2003

U.S. Patent

(1Du1wON)
paadg |ouoi jpjoy
(]DUTWON)
anbJo|

9914
.:::

454
£l :EQ\

AN

[ __

(10nY
/10UIWOp) paadg Et
|DUOILDJ0Y (|D.NJOY
\_c___sozv anbio|

L

.l"
I‘.I_
- v -
II“.I"
‘..‘_.
an = =
e Am =
'.l..‘

"’////

07 ‘..-.. N.P

TA

9A L]
publi§ yao3 Joj anbiog

puD paadg |ouorjpjoy
10} Sanjop }3salg




US 6,609,556 B2

Sheet 5 of 5

Aug. 26, 2003

U.S. Patent

8 94
9 98DaJ0U| pasdg |ouoijpjoy uo1jnJad( jowioy

BT (WN )/

uoi40Jad
._,,oss_m\

LR B AN BIEN BIER BNEIN EEN BEFN EIE BER TEY [ L B EE N3 F FY W L LA EERE - - - mrsBPIES

. ..v..mwﬁ_.m i cq_ﬁ&o_m_:

- - I't ‘..'_‘-l-.‘ .._..'_
ol b

g .- ......S_ l Smﬂ_o\
’ jowioy f

MDA i

abio] (uwy/)/u

S ¢
.
0
L]
%
.
)

aNDA § 1Wl]
paadg |DuolDjOY



US 6,609,556 B2

1

METHOD AND DEVICE FOR CASTING
PREFABRICATED PRODUCTS IN A
CONTINUOUS CASTING DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a Division of Ser. No. 09/784,318 filed
on Feb. 14, 2001 and now 1ssued as U.S. Pat. No. 6,371,197.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The 1nvention relates to a method for casting prefabri-
cated products, 1n particular, of steel materials such as slabs,
blooms, beam blanks etc., 1n a strand casting device com-
prising a strand guide arranged downstream of the casting
mold and optionally divided into segments, wherein the
strand guide 1s comprised of pairs of oppositely arranged
rolls for supporting and conveying the solidifying cast
strand, wherein at least one of these rolls 1s forced by means
of a drive, the drive roll, with a defined adjusting force, in
interaction with 1dle rolls, against the cast strand for trans-
mitting the guiding forces as well as strand conveying
forces. The invention also relates to a device for performing
the method.

2. Description of the Related Art

In continuous strand casting devices, preferably for steel
materials and for manufacturing slabs, inter alia thin slabs,
blooms, or beam blanks, the produced strands are supported
and guided from the casting mold to at least the point of
complete solidification by means of a roll guide. Individual
rolls within this strand guide or downstream thercof are
driven for overcoming the removal resistance to which the
strand 1s subjected on its way through the roll guide device.
The power of these drives 1s usually dimensioned such that,
on the one hand, for any conceivable operational situation a
safe conveying of the strand out of the device 1s ensured and,
on the other hand, the manufacturing costs are as low as
possible, and, morcover, the drives are not unnecessarily
oversized.

The rolls of a strand guiding stretch of the strand casting,
device are subjected to continuous wear. Often 1t 1s observed
that the driven rolls wear more strongly than the 1dle rolls.
As a result of this, the roll diameter will change gradually.
This causes diameter differences between the idle rolls and
the driven rolls which are subjected to greater wear;
however, the differences are not easily recognizable.

For ensuring a frictional connection between the driven
rolls and a strand, 1t 1s known to use hydraulically or
mechanically adjustable lifting traversing slides. Often, in
particular, for avoiding quality reduction of the cast end
product, they are loaded with a force which 1s below the
force that can be produced by the strand itself as a result of
its hydraulic height (ferrostatic pressure). This is designed to
prevent strand deformations. However, 1n many cases the
driven rolls are rigidly connected and integrated 1n a support
frame.

With the wear of the driven rolls being faster in compari-
son to the i1dle rolls, after a longer or shorter operating time,
a gradual loss of transmittable removal forces acting on the
strand will occur which 1s generally not recognizable. Such
a loss of transmittable removal force 1s limited by adjusting
drive rolls by means of the applied adjusting force; however,
in the case of rigidly arranged drive rolls the loss can cancel
the enftire transmittable tangential force. When such a creep-
ing change of the removal force coimncides with a critical
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casting situation relative to the removal resistance, the
strand may get stuck in the casting device and this can cause
a greater disruption.

In order to transmit the physically greatest possible trac-
tion force of the driven rolls onto the strand for the purpose
of avoiding such disruptions, 1t has been suggested 1n this
connection, for example, to expand the drive control by
means of a traction control, processing simultancously the
drive torque and the rotational speed, 1in a so-called anti-lock
system. Such a development known from the prior art 1s able
to completely use the physical limit of the traction force
defined momentarily by the material pair and the coeflicient
of friction. However, it cannot prevent falling below the
adhesion limit, for example, resulting from a diameter loss
that 1s too great and thus traction loss, even if, for example,
by empirically determined operating experiments, the adhe-
sion limit were known.

European patent document EP 0 908 256 Al describes a
method and a device for producing slabs 1n a strand casting
device which has a strand guide arranged downstream of the
casting mold and divided into two-part segments, wherein
the casting strand 1s conveyed from the vertical casting
direction into the horizontal rolling direction and 1s sup-
ported during the deflection and transport. The adjusting
forces required for transmitting the conveying forces for the
drive rolls are generally provided by hydraulic cylinders. In
this connection, 1t 1s proposed to replace the hydraulic
clamping cylinders, which clamp the two segment frame
parts against one another via spacers, by segment adjusting
cylinders so that the adjusting forces for the drive rolls are
displaced toward the segment 1ntake or segment exit and the
forces for strand conveying are supplied also by the segment
adjusting cylinders.

For strand guiding frames of a segment configuration, as
described 1n an arc device disclosed, for example, in German
patent document DE 1963 146 C1, which guides the cast
strand from the vertical casting direction into the horizontal
rolling direction, the upper and lower frames of the segments
are clamped against one another by four hydraulic cylinders
that connect the frames and are arranged on the corners
external to the casting strand. The adjustment of different
strand thicknesses 1s realized by spacers against which the
frame parts are pressed. A change of the roll spacing during
the casting process 1s not possible 1 this configuration.

In the German patent document DE 43 06 853 C2 it 1s

suggested to arrange between the spacers and the respective
lateral frame part a hydraulic plunger cylinder and to dimen-
sion 1ts annular piston such that in the pressure-relieved state
it secures the segment parts at the spacing of the rolls which
corresponds to the desired strand thickness. By this measure,
an adjustment of the guide roll to different strand thicknesses
1s possible, but this configuration requires that at least one of
the rolls, the drive roll, 1s pressed by its own hydraulic
adjusting cylinders (at least two per drive roll) with the
required adjusting force for the transmission of the strand
conveying forces against the cast strand.

SUMMARY OF THE INVENTION

It 1s an object of the present mvention to improve the
cuiding of the cast strand, preferably from the vertical
casting direction into the horizontal rolling direction, such
that a gradual wear resulting on the rolls during the course
of operation and entailing a loss of transmittable removal
force can be anticipated 1n order to prevent by a timely
initiation of preventive maintenance an operational failure,
for example, preventing the strand from becoming stuck in
the casting device.
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In accordance with the present invention, this 1s achieved
in that all drives are controlled to have a predetermined
rotational speed such that their circumferential roll speeds
are 1dentical within the limits of a preset casting speed and
the correlated motoric torques (engine torque) are
maintained, with respect to the loadability of the strand
shell, to a level as equal as possible below a permissible
torque limit value and that, for determining the permissible
torque limit values, first on a single drive of the device,
while all other drives are controlled accordingly to the
aforementioned nominal casting speed, the drive torque,
beginning at zero, 1s gradually increased and, in this
connection, the rotational speed of the drive roll 1s moni-
tored and, 1n the case of a superproportional rotational speed
increase A, the torque limit value B 1s determined and the
process stopped.

With an expedient configuration of the method according
to the mvention 1t 1s proposed that the torque limit value B
with corresponding rotational speed (slip torque and slip
speed), measured immediately before the rotational speed
increase A, taking into consideration boundary parameters
such as the steel quality, the casting speed, the casting shape,
the spraying pattern etc. with respect to the measured roll 1s
stored 1n a memory for later processing.

A further development of the method according to the
invention 1s that the measurement of the rotational speed
limit value A as well as the torque limit value B and their
storage 1s performed successively for all driven rolls of the
device and the measurements are performed either manually
or according to a program, wherein the measurements are
sequentially repeated and performed at least once after
sufficiently long running-in time of the device with lowered
casting speed on a solidified area of the casting strand.

Moreover, 1t 1s provided with the method according to the
invention that the aforementioned measurements are carried
out in each sequence, 1.¢., between beginning of casting and
end of casting, or once for a preset time frame, respectively,
the longest however being a monthly interval.

Finally, one embodiment of the method according to the
invention proposes that the measured stored data are entered
into a processing module which correlates the determined
parameters for slip torque and slip rotational speed, 1includ-
ing the casting boundary conditions, linearly or squarely, for
example, according to the method of the least squares, and
a trend curve, which 1s determined thereby, 1s compared to
a curve for the adhesion limit, based on experiments or
theoretical considerations, wherein the trend curve and the
limit curve Y are intercepted with one another and the point
of interception defines the remaining time until reaching the
functional limit of the drive rolls, and wherein planned
operating programs such as maintenance times etc. are taken
into consideration. This increases the forecasting precision
when an approach as closely as possible to the permissible
limit 1s reached and processing 1s performed preferably 1n a
processing unit of the device with automated data transmis-
s101.

As can be seen from the method according to the
invention, the basis of the mvention 1s the rotational speed
control of a strand guide of the aforementioned configura-
tion with underlying torque control (load compensation
control), wherein primarily all drives are controlled to a
rotational speed such that their circumiferential roll speeds
are 1dentical within permissible limaits, that, however, at the
same time also the motor currents (motor torques) are
maintained at a same level as much as possible relative to the
loadability of the strand shell within the device.
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With the method according to the invention the following
control for the roll drives can be performed:

1. While all other roll drives are controlled according to
the actually adjusted nominal casting speed and a
nominal torque, the drive torque 1s gradually increased
for an individual roll drive of the device, starting at
zero. In this connection, the rotational speed of the
drive roll 1s permanently monitored and the process 1s
stopped as soon as a torque has been reached at which
suddenly, or superproportionally, the rotational speed
changes.

2. The torque limit value and the corresponding rotational
speed (slip torque and slip rotational speed), measured
immediately before the abrupt rotational speed change,
are stored with consideration of momentary boundary
condifions such as steel quality, casting width and
casting thickness, spraying pattern and/or casting speed
with respect to the roll currently being measured as
well as with respect to the roll segment of the roll
currently being measured 1n a long-term memory for
access and processing at a later point 1n time.

3. The measures defined under 1tems 1. and 2. are per-
formed successively for all driven rolls of the casting
machine. These measurements are performed manually
or according to program.

4. The measures mentioned under items 1. to 3. are
repeated sequentially, at least once, however, 1 sta-
fionary casting operation, after a sufficiently long
running-1n time of the casting device, at lowered cast-
ing speed, wherein 1t 1s to be ensured that the roll
employed for a measurement, respectively, runs on a
completely solidified area of the cast strand.

5. The measures named under 1tems 1. to 4. are performed
regularly, for example, 1n each sequence, between a
new beginning of casting and end of casting or once
within a reference time period, at the longest at a
monthly spacing.

6. The measured and stored data are correlated 1n an
evaluation module with the boundary condition param-
cters recorded during the preceding measurements,
wherein a trend curve for rotational speed and slip 1s
intercepted with a limit curve wherein the points of
interception identily the expected time before reaching
the functional limit of the drive rolls.

A device for casting pre-fabricated products, in particular,
of steel materials such as slabs, blooms, beam blanks etc.,
for performing the method according to the invention com-
prises means for storing and transmitting measured data, in
particular, of the driven rolls and optionally of the segments
correlated therewith to a data acquisition system of the
device. According to the invention, it 1s proposed that the
data acquisition system comprises an algorithm unit for
correlating the average wear of idle rolls with that of the
driven rolls, wherein the algorithm unit 1s connected in a
data-technological way with an information unit for opera-
tional data, for example, from operating experiments or
theoretical calculations based on the prior art.

Further developments of the invention can be taken from
the dependent claims.

BRIEF DESCRIPTION OF THE DRAWING

In the drawing:

FIG. 1 shows the strand guide of a strand casting device
with roll segments according to the prior art;

FIG. 2 15 a section of a roll segment according to the prior
art with illustrated drive;
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FIG. 3 1s a diagrammatic 1llustration of the forces to be
applied onto a roll segment according to FIG. 2;

FIG. 4 1s a section of a roll segment with a drive roll
integrated 1nto the segment adjusting device with adjusting
cylinders positioned at the ends;

FIG. 5 1s a diagrammatic 1llustration of the forces to be
applied onto a roll segment according to FIG. 4;

FIG. 6 1s a sectional view of a roll segment according to
the invention with integrated driven drive roll positioned at
the end;

FIG. 7 1s a diagrammatic illustration for determining the
torque limit value with corresponding rotational speed (slip
torque and slip rotational speed);

FIG. 8 1s a diagrammatic 1llustration of the drive torque
diagnosis according to the invention for normal operation or
for rotational speed increase up to the rotational speed limit
value or torque limit value.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 shows a strand guide 10 of a strand casting device,
for example, for thin slabs, comprising a number of roll
secgments 14, 14" by which a cast strand 12 exiting from the
casting mold 11 1s guided by means of oppositely positioned
rolls 13 1 an arc shape out of the casting direction 1nto the
horizontal rolling direction 15 and 1s further conveyed by
means of drive rolls 13"

In some of these roll segments 14, 14' one of the rolls 13,
for example, 1n the segments 3 and 4, 1s embodied as a drive
roll 13' with drive means and arranged at the inner side of the
arc of the strand guide 10. The roll segments 5 to 8 arranged
downstream are provided in the center of the segment with
two oppositely arranged drive rolls 13" which support the
strand and convey it.

In the subsequently arranged outlet portion for the strand
12 the roll segments 10, 11, 12 are also provided with
oppositely positioned driven roll pairs 13'.

FIG. 2 shows a roll segment 14, 14' according to the prior
art comprising a drive roll 13" driven by the motor 21 via the

gearbox 22 and the drive shaft 23.

The roll segment 14, 14' 1s comprised of an upper segment
frame 16 which 1s forced by means of hydraulic clamping
cylinders 17 against the segment bottom frame 18. In this
connection, spacers 19 are provided which provide a uni-
form spacing of the frame parts 16, 18 from one another. The
drive roll 13' arranged 1n the center of the segment 14, 14’
in the upper segment frame 16 applies the required strand
conveying forces 26' onto the strand 12, as shown 1n the
diagrammatic illustration in FIG. 3, while the other rolls 13
of the segment frames 16, 18 supply the required clamping
forces 26 for clamping the segments so that the rolls 13, 13’
supported 1n the segment frame parts 16, 18 fulfill their
function as support and conveying members for transporting
the cast strand 12 1n the conveying direction 15.

FIGS. 4 and 5 show a segment 14, 14' also of a configu-
ration according to the prior art.

Instead of the hydraulic clamping cylinders 17, used 1n the
roll seements 14, 14' of FIG. 2 for clamping the segment
frame parts 16, 18, wherein the cylinders 17 clamp the
scoment frame parts 16, 18 against one another with
unchangeable spacing by acting against spacers 19, in the
scegment coniiguration according to FIG. 4 position-
controlled and force-controlled segment adjusting cylinder
17" are provided for a controllable clamping of the segment
frame parts 16, 18. In this configuration the drive roll 13' is

10

15

20

25

30

35

40

45

50

55

60

65

6

arranged at the forward or at the rearward segment edge
while with the aid of the position-controlled and force-
controlled segment adjusting cylinders 17' the required
adjusting force has been displaced toward the segment edge
so that a separate adjusting cylinder for the drive roll 13', as
shown 1n FIG. 2, 1s not required.

The resulting combination of adjusting forces and strand
conveying forces 26, 26' can be seen 1 FIG. §.

A segment drive concept with integrated drive roll 13" and
means for performing the invention can be taken from the
combination of FIGS. 6 through 8. In this connection, the
confliguration of the roll segments 14, 14" with drive rolls 13
at the end corresponds 1n principle to the configuration of the

roll segments 14, 14' of FIG. 4.

According to FIG. 7, while all other drives are controlled
according to the nominal casting speed, the drive torque of
the drive roll 13', for determining the torque limit value, 1s
increased continuously 1n connection with the drive motor
by increasing the strand conveying force 27, beginning at
zero, so that also the torque which 1s transmitted onto the
strand 12 increases continuously, also beginning at zero.

In this connection, the diagram or FIG. 8 first shows the
normal operation at constant rotational speed and constant
torque up to the end of the horizontal extension at the point
of interception with the vertical line Y. For the then occur-
ring increase, first occurring continuously, 1nto an accelera-
fion curve with approximately square increase, the point of
interception A with the vertical line G 1s reached at the
rotational speed limit value.

This rotational speed limit value 1s characterized 1n that
the corresponding torque limit value, next to the point of
interception B with the limit line G, drops superproportion-
ally.

The method for determining the rotational speed limit
value and the torque limit value and the working steps for
this purpose are illustrated in FIG. 7.

This shows that the data acquisition system 20 of the
device has a first computer 31 for presetting rotational speed
and torque for each strand drive, 1n particular, with loading
of a second computing unit 32, having means for a nominal/
actual comparison of rotational speed and torque and
coupled with the motor 21 via at least one drive roll 30', and
in cooperation with a third computing unit 33 for controlling
the required segment adjustment by the adjusting cylinders
17, 17", for the basic functions, 1.€., adjusting 26 for tem-
perature shrinkage and soft reduction of the roll segments
14, 14" as well as, according to arrow 27, for the additional
functions such as slip diagnosis and maximization of the
drive torque.

In this connection, the additional measure can be
employed that the second competing unit 22 has a tempera-
ture sensor 25 connected thereto. Finally, each roll segment
14, 14' provided with a drive roll 13' for drive torque
diagnosis can be provided with an individual data storage
chip 24. The chips, for example, can be arranged on the
upper seement frame 16 of the segments 14, 14' or at another
location of the segment.

By means of the described invention it 1s possible:

to avoid unpredictable transporting problems of the strand
as a result of wear of the driven rolls,

to eliminate a prophylactic exchange of rolls or support
frames or segments entirely and to perform mainte-
nance only when this 1s physically required or

to adjust the production program to be cast to the actual
removal forces;
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to collect long-term experiences with regard to wear
history of the casting device and to thereby optimize:
on the one hand, the limit criteria required for the
method and,
on the other hand, for example, also the employed roll
materials or
the operating program of the device;

to allow evaluation of the use of non-adjusted drive rolls
for the operator and to thus make it safe and to thus
lower the mnvestment costs and the operating costs,

to obtain for storage media correlated with the device at
the same time further information about the life-cycle
of the device and to thus schedule prophylactic main-
tenance with greater accuracy;

when using non-adjusted drive rolls, to make available the
maximum possible drive output by changing the adjust-
ing angle for short periods of time (in the case of
removal problems). In this connection, the principle of
the anti-slip control can be used additionally.

While specific embodiments of the mmvention have been

shown and described 1n detail to illustrate the inventive

principles, it will be understood that the mvention may be
embodied otherwise without departing from such principles.

What 1s claimed 1s:
1. A device for casting prefabricated products, wherein the

device comprises:

a casting mold and a strand guide arranged downstream of
the casting mold;

the strand guide comprised of rolls positioned opposite
onc another 1n pairs and configured to support and
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ouide a solidifying cast strand, wheremn some of the
rolls are drive rolls and some of the rolls are 1dle rolls;

drives provided for the drive rolls, wherein the drive rolls
are configured to be adjusted against the cast strand 1n
order to transmit guiding forces and strand conveying,
forces onto the cast strand i1n interaction with the 1dle

rolls;

means for storing and transmitting measured data of the
driven rolls to a data acquisition system;

wherein the data acquisition system comprises:
a first unit, configured to control load compensation by
presetting rotational speed and torque of the drives;
a second unit coupled to the first unit and having means
for performing a nominal/actual comparison of the
rotational speed and the torque, wherein the second
unit 1s connected to the drive of at least drive roll;
a third unit interacting with the second unit and con-
figured to control a required segment adjustment by
adjusting cylinders for adjustment for compensating
temperature shrinkage and soft reduction as well as
for adjustment for slip diagnosis.
2. The device according to claim 1, comprising a tem-

~5 perature sensor connected to the second unait.

30

3. The device according to claim 1, wherein the strand

ouide 1s divided imto roll segments on which the rolls are
arranged and wherein each one of the roll segments having,
one of the drive rolls has a data memory chip.
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